The osteoblastic phenotype in calcium-depleted and calcium-repleted rats: a structural and histomorphometric study.
In a previous report we showed that young rats fed a calcium-free diet for 28 days developed severe hypocalcaemia and showed a significant increase in serum alkaline phosphatase activity. The main histological and cytochemical changes exhibited by these animals in bone of the metaphyseal primary spongiosa were: (1) hyperplasia of osteoblasts, (2) an increase in the frequency of tartrate-resistant acid phosphatase (TRAP)-positive osteoblasts apposed to osteoid, and (3) an excessive amount of osteoid tissue. In addition to typical osteoblasts, there was a subpopulation of osteoblast-like cells with coated pits, lysosome-like bodies and large cytoplasmic processes. In the present study, we investigated how the above parameters change when calcium-depleted rats are placed on a normal diet for 7 days. Such a regimen normalized calcium concentration and alkaline phosphatase activity in the serum. The osteoid thickness returned to normal and, in some areas, was fully calcified. Most osteoblasts no longer showed TRAP activity and their ultrastructure was similar to that found in controls. Despite an intense alkaline phosphatase activity, some of them still exhibited a number of macrophagic characteristics. They were TRAP-positive, and showed electron-dense bodies in the cytoplasm facing bone, an abundance of coated pits, calcified spicules impinging on the cell membrane and large processes extending into the mineralized matrix. We concluded that calcium deficiency causes hyperplasia of osteoblasts in primary spongiosa and an increase in expression of TRAP. It also induces changes in their phenotype characterized by the acquisition of macrophagic cellular features. While TRAP activity is normalized by calcium repletion, macrophagic characteristics persist. These results suggest that the osteoblast can modulate its phenotype according to its physiological status.